The global wind energy capacity has increased rapidly in this last decade and became the fastest developing renewable energy technology. But unbalances in wind energy are highly impacting the energy conversion and this problem can be resolved by a doubly Fed Induction Generator (DFIG) which is one of the most commonly deployed large grid-attached wind turbine systems. The objective of this paper is to study this system, as the first the mathematical model is developed in the coordinates of Park d-q, then the power transfer between the stator and the network is realized by action on the rotor signals via a bidirectional converter. Independent control of active-reactive power is provided by conventional controllers (PIs). Then, we realized the implementation of the control by an orientation of the rotor flux (FOC) which presents an attractive solution to have an operation with the best performances of the Machine, in the applications with variable speeds. The analysis of the simulation results under the Matlab / Simulink environment of this control approach clearly shows that the system perfectly follows the reference values and, consequently, provides a good static and dynamic performance of the machine under study. 257 2 turbin total g J J J J K
INTRODUCTION
When it comes to electrical power, the world is seeking to significantly reduce its dependence on fossil fuels, characterized by both high greenhouse gas emissions and unstable prices. Operators in the electricity sector are striving to diversify their energy, especially through clean, renewable energy from geothermal, biomass, solar or wind sources [1] .
One of the current areas of research is the generation of electrical energy using a doubly fed asynchronous machine, using the wind energy as a means of driving. Integrated in a wind system, the machine allows operating over a wide range of wind speeds, and to draw as much power as possible for each wind speed. Its stator circuit is connected directly to the electrical network.
A second circuit placed on the rotor is also connected to the network, but via power converters [2] . And the transited rotor power is low, the cost of the converters is reduced compared to a variable-speed wind turbine that is fed to the stator by power converters. This is the main reason why this machine is found for high power production. A second reason is the ability to adjust the voltage at the connection point of this machine.
In this paper a mathematical modeling of wind turbine has been simulated using MATLAB/SIMULINK and the results are analyzed for fixed and variable wind speed. This paper presents a method of controlling a Doubly Fed Asynchronous Machine, it is organized as follows: an introduction in the first followed by a mathematical model of the set in the second, then the vector control and the results of the simulations under the Matlab environment / Simulink in the third and at last a conclusion.
DESCRIPTION AND MODELLING OF THE SYSTEM
The overall system is illustrated in Figure 1 below, it consists of two converters (rectifier and inverter), one is connected to the stator and the other is connected to the rotor of the machine studied [3] .
In order to control the electrical system, it is necessary to study and analyse its mathematical model taking into consideration certain hypotheses in order to obtain a simplified model [4] . 
Model of the wind
Wind turbine modelling requires the modelling of the wind, the aerodynamic behaviour of the blades, the electric generator, the power converter and the control system [5] . Wind is the input variable of the wind system and wind speed is usually represented by a scalar function that changes over time, V = f (t).
The average wind speed is given by the following expression or Eq. (1) [6] :
Aerodynamics
During the bibliography search, several models of the power coefficient were found, for example: [7] Proposed the following model:
It is clear that the power coefficient in the equation (2) is a function of λ (The tip speed ratio), and β (The blade pitch angle in a pitch-controlled wind turbine). In Figure 2 , several curves are distinguished but we are interested in the one with the highest peak. This curve is characterized by the optimal point ( = 4.9 , _ = 0.3 = 0) which corresponds to the maximum of the power coefficient (C p-max) and therefore the maximum of the mechanical power recovered.
The power produced by a wind crossing a surface S depends on the cube of the wind speed V and the density of the air . This power is given by the Eq. (3):
The mechanical power available on the rotor Pm is generally expressed using the power coefficient and is given by Eq. (4):
Taking into account the ratio of the speed multiplier, the mechanical power available on the shaft of the electric generator is given by the Eq. (5): This equation allows to establish a set of characteristics giving the power available according to the speed of rotation of the generator for different wind speeds.
Gear box model
The gear box adapts the speed (slow) Ω1 from turbine to speed (fast) Ω2 of the generator. This gear box is modelled mathematically by the following expressions:
where, Ω2: rotational speed after the gear box 1: Speed of rotation before the gear box
The mass of the wind turbine is transferred to the turbine shaft in the form of an inertia and includes the mass of the blades and the rotor mass of the turbine. The proposed mechanical model considers total inertia consisting of the inertia of the turbine reported on the rotor of the generator and the inertia of the generator. = = + (7)
Modelling of the machine
The dynamic model of the Doubly Fed Asynchronous Machine, in d-q frame can be represented by the following Eq. 
The rotor currents that provide independent control of the active power Ps and the reactive power Qs of the DFIG must be defined in the stator flux-oriented reference frame.
Modelling of electricity conversion components

Structure of the Back-to-Back converter
The power structure, called Back-to-Back is now widely used to adapt the frequency of the rotor voltages to that of the stator circuit and therefore the network. Its use is justified by the fact that it allows operating on four quadrants, which means that the direction of the energy transition can be reversed at any time. Consequently, the two voltage converters used can operate in rectifier mode or in inverter mode, whether they are connected on the rotor side or on the grid side, and the DC bus is therefore reversible [9] .
Each of the two converters has three switching arms, six bidirectional electronic switches, controllable at the opening and closing, and an IGBT type transistor connected head to tail with diodes. The control strategy of the converters is based on the Pulse Width Modulation (PWM) technique, which makes it possible to limit the harmonics by reducing the latter's content at low frequency [10] . Interposed between the rotor of the Machine and the network are two bi-level, PWM type converters that are bidirectional in power. The equivalent model of the converters represented in the Park mark, the DC bus, the link to the network containing the second PWM converter, the intermediate filter and the network connection node are adopted [11] .
In our case, the converter connected to the rotor will operate as a rectifier, and the one connected to the network will operate as an inverter. This allows us to recover the electrical power available at the rotor winding through the sliding contacts and reinject it into the network. [17] . This type of converter can operate as a rectifier or inverter. When the current is positive (rectifier operation), the capacitor C is discharged, and the error signal requests the control block for more energy from the network, the control block takes the power supply by producing signals suitable for priming the transistors. In this way, the current flows from the AC side to the DC side, thus, the capacitor voltage is recovered. Conversely, when becomes negative (Inverter Operation), the capacitor C is overloaded, and the error signal induces the controller to discharge the capacitor and return the energy to the network [12] .
The control signals of the rotor-side converter come from the application of the generator's vector control whose network-side convertor is responsible for adjusting the voltage of the DC bus to always supply power to the first regardless of the direction of transit power [13] .
This voltage setting of the DC bus sets the reference active power to be exchanged with the network via the intermediate R, L filter. Unit-side factor is used for this, and a reactive reference equal to zero is set [14] . It is these two instructions that will serve us to impose the reference currents transited to the network [15] .
Modeling of the continuous bus
The DC bus must be maintained at a constant voltage, it comprises a capacitor which acts as a storage during the exchange of energy and makes it possible to limit the undulation of the DC voltage [16] . Therefore, the DC bus voltage can be expressed as follows:
The current of the capacitor is coming from a node where the currents and modulated by the converters circulate: c mac res i i i = − (14) The currents transited between the converter and the network are imposed by the coils constituting the low pass filter [18] . The voltage across the filter is given by:
By applying Park's transformation to the synchronous reference, the preceding equation becomes: 
SIMULATION AND RESULTS
In this part of the work, we present the results of the simulation using the MATLAB / SIMULINK tool for the control of the asynchronous machine with dual power supply, Integrated in the wind energy conversation chain.
In this simulation we use the MPPT control and FOC command strategies [19] . To improve system efficiency, turbine speed is adjusted as a function of wind speed to maximize output power.
For these simulations, we use the average wind speed of 11 m/s. This curve simulates the small variations of the wind speed around an average value to get as close as possible to reality [17] .
simulations of the turbine
The turbine is driven by a Doubly Fed Asynchronous Machine, the block diagram corresponding to this model of the turbine is shown in Figure 7 .
The Figure 8 shows the torque variation curve of the turbine after the gear box in function of time. It is clear that this torque decreases until it stabilizes at t=2.15s. Figure 9 shows a curve of the aerodynamic torque variations of the turbine in function of time. These variations decrease until the instant of stabilization 2.15 s. Figure 10 shows a curve of the turbine power factor variations in function of time which increase up to the instant of stabilization t=2.15s at the value CMax=0.45 at a wedging angle β=0 °. The value of λ corresponding to maximum of mechanical power available is called λopt (optimal). The rotor torque istained from the power received and the speed of rotation of the turbine.
Simulation of the global chain
The purpose of the wind system is to convert the kinetic energy of the wind into available mechanical energy on a transmission shaft, and then into electrical energy through a generator.
The overall diagram of a wind energy conversion chain connected to the electricity grid is described by the figure 12 In order to simulate the control system, MATLAB / SIMULINK software was used. The machine parameters are given in the appendix.
The results shown in the figures below are those obtained for the model of a twin-power asynchronous machine with a power of 20 MW. Figure 13 represents the variation curve. The voltage reaches the reference value of 1150V in 2.15 seconds without exceeding it. The static error is then zero once the steady state reached. Figure 20 , represents a curve of the variations of speed and reference speed in time. The speed Ω is increasing until t=2.15s then it stabilizes around the reference speed Ω*.
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CONCLUSION
According to the optimal power characteristic of the wind turbine, it shows that for each wind speed, there is an optimal rotation speed, corresponding to the maximum value of the power coefficient allowing the wind turbine to have the best possible efficiency. To be able to rotate at this optimum speed, at the given wind speed, the turbine must have a given resistant mechanical torque, which means an active power delivered by the Doubly Fed Asynchronous Machine or Generator (DFIG).
We also introduced the mathematical model of the doubly fed induction generator dedicated for the variable speed wind turbines; with aim to controlling the stator active and reactive power of the DFIG connected to the public network, we have applied the stator field oriented control strategy. Also, the simulation results were presented using the Back-to-Back converter. Finally, we concluded that the (FOC) control gives good results.
Again controlling the DFIG from the rotor side makes the control process more cost effective as the rotor converters have to deal with comparatively less power when connected at the rotor side than when connected at the stator side ,we can used another type of control like the sliding mode or nonlinear control to give better performance as perspective.
